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of strucand ca- (6) cture re-sponse involve ground motion (such as earthquake response spectrum shape, horizontal direction peak response, and vertical component response), damping, modeling, mode combination, time history simulation, foundation-structure interaction, and earthquake combination. The elements which can affect equipment response, similar to the above, include qualification method, damping, modeling, mode combination, earthquake combination. Note that in order to avoid duplicating, earthquake combination only is considered in equipment response [6, 7] .
The capacity factor F C for the equipment is the ratio of the acceleration level at which the equipment ceases to perform its intended function to the seismic design level. And the factor FC can be calculated by the strength factor FS and the inelastic energy absorption factor F μ , as (7) [5].
The strength factor, FS, represents the ratio of ultimate strength (or strength at loss-of-function) to the stress calculated for acceleration at safety shutdown earthquake (A SSE ). In calculating the value of F S , the non-seismic portion of the total load acting on the structure is subtracted from the strength as follows:
where S is the strength of the structural element for the specific failure mode, N P is the normal operating load (i.e., dead load, operating temperature load, etc.) and T P is the total load on the structure (i.e., sum of the seismic load for SSE and the normal operating load). For higher earthquake levels, other transients may have a high probability of occurring simultaneously with the earthquake. The definition of in such cases should be extended to include the loads from these transients.
Randomness and uncertainty are the two important parameters in seismic fragility analysis, so when determining the safety factors the two parameters should be determined too [7] .
Stress Calculation of CEFR Accident
Residual Heat Removal System Piping
Basic Condition of the Piping
CEFR accident residual heat removal system has two loops, and one loop mainly includes an independent heat exchanger, an air heat exchanger and piping. The layout of one loop is as Figure 2 [2]. The material of the piping is 304H, and the size of the piping is as Figure 2 . The piping material of argon system for accident residual heat removal system is 304 L, and the piping size is Φ48 × 4. The piping material of sodium analysis and monitoring system for accident residual heat removal system piping is 304 H, and the size of double piping are Φ108 × 4.5 and Φ48 × 4.
Modeling for the Piping
The finite element method is used, and the AutoPIPE software is chosen as analysis tool. The 3D continuous pipeline is dispersed many space tube units, and the units are connected by nodes. The connection points of equipment and piping are taken as boundary conditions, and the displacement is given according to the thermal expansion. The valves are simulated by valve units taking account into the impact of the quality of electric head. The treatment of double pipe is built two tubes, one of which is a relatively small amount of displacement, the pipeline where there is a shim in practice is connected with the guide frame. The model of one loop is shown in Figure 3. 
Stress Calculation and the Selection of Fragile Parts
To calculate the capacity factor of the piping, the stresses generated by both normal operating conditions and safety shutdown earthquake (SSE) load are needed, so the loads should be applied to the model.
Determination and Loading of Loads
Assumed that when the earthquake occurring, the reactor is in normal operation condition, and the system is in the normal standby condition, so the loads on the pipe can be determined when the earthquake occurring. 1) Loads under normal operation condition Loads under normal operation condition include pressure 0.402 MPa, weight, the constraint force and thermal load of 485˚C. Put the combination of these loads to the model, then can get the stress N σ . 2) Loads under SSE condition According to above assumption, loads under SSE condition include the load caused by the SSE in addition to the loads under normal operation condition. The load caused by the SSE can be loaded by seismic response spectrum, which comes from reference [2]. The spectrums used in the calculation are about four high levels 22.4 m, 26.6 m, 30.8 m and 35 m, and each level has three response spectrums, two horizontal and one vertical. The response spectrums about 5% damping are put in the AutoPIPE software, then the seismic response spectrum about SSE can be determined as Figure 4. 
Fragile Points and Their Stresses
When determining the fragile points, two methods are used. One method is to choose the points where the stress SSE σ caused by the SSE load is the maximum, the other is to choose the points where the stress N SSE σ  caused by both the loads in the normal operation condition and the SSE load is maximum. The points determined by the two methods are often not the same point, because the thermal expansion effects have been considered in the design stage.
The SSE load and the combination of SSE load and the normal loads loaded on the model one after another, the points inside and outside the pipe where the stresses are maximum are choose respectively as Figure 5 and 
Fragility Analysis and Calculation of CEFR Piping
Calculation of Response Factor
Building structural response factor is calculated by NU-REG0098 [8] factor median spectrum proportion and RG1.60 [9] spectrum proportion, and the piping response factor is calculated using the NUREG0098 median spectrum proportion and design floor response spectrum. The calculated median factor and uncertainty are as follows: Building located on the fifth floor structural response median factor, randomness and uncertainty are SR 
Calculation of Capacity Factor
The pipe material is 304 H, according to the reference [5] , the median material yield strength is 37 ksi (255 MPa), and the uncertainty is 0.13; the median limit strength is 84 ksi (579 MPa), and the uncertainty is 0.07. According to the standard of ASME [10] , the normal loads + SSE load should belong to the C condition, and the allowable limit is 2.25 times allowable yield strength, but not more than 1.8 times ultimate strength. The pipe failure is the ductility failure, inelastic energy absorption should be considered. The inelastic energy absorption factor is choose form reference [11] , Fμ = 1.25, then the uncertainty is calculated, U μ β = 0.1. The strength factors of the pipe are calculated by eq-8, where the strength is 574 MPa, PN is N σ , and T N P P  is SSE σ . The calculated strength factor, capacity factor and uncertainty are shown in Table 2 .
Fragility Analysis and Calculation for Piping
According to above equations and data, the fragility parameters of the lower capacity point conservatively selected as the fragility parameters of piping, the final fragility parameters of piping are as follow: Figure 7 shows the fragility curves of piping according to the calculated fragility parameters.
Conclusions
This paper studies the analysis method of seismic fragility, and using the method to calculate the seismic fragility parameters for the piping of CEFR accident residual heat removal system. The main results are as follows:
1) The calculated seismic fragility parameters for the piping of CEFR accident residual heat removal system are A m = 2.42 g, βr = 0.36 and βu = 0.44, and the HCLPF capacity is 0.65 g.
2) Compared with CEFR SSE, the results indicate that the piping of CEFR accident residual heat removal system has stronger seismic capacity.
3) This paper has used the NUREG0098 reference spectrum, rather than the actual site probability hazard curve, which must cause the calculated results different from actual values. 4) In this paper, the data of some safety factors and uncertainty are recommended by references, and these data are different form real data of power plant, which is the focus of future research too.
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